The aim of the present study was to investigate the possibility that ductal cells, which preferentially survive and/ or proliferate in Sjö gren's syndrome (SS) salivary glands of patients with SS, could acquire the functional expression of membrane water channel aquaporin-5 (AQP5). Thus, in this study, we demonstrate that an immortalized normal human salivary gland ductal cell (NS-SV-DC) line, lacking the expression of AQP5, acquires AQP5 gene expression in response to treatment with 5-aza-2 0 -deoxycytidine (5-Aza-CdR), a DNA demethylating agent. Confocal microscopic analysis revealed the localization of AQP5 expression mainly at the apical and lateral sides of the plasma membrane. The expressed AQP5 protein was functionally active because AQP5 expression resulted in a significant increase in the osmotically directed net fluid rate across monolayers of NS-SV-DC cells. By the analysis of bisulfite sequencing of CpG islands in the AQP5 promoter, hypermethylation within the consensus Sp1-binding sites was commonly observed in parental cell clones, whereas demethylation at the CGs, one in the second consensus Sp1 element and the other outside of the third consensus Sp1 element in the AQP5 promoter, was detected in NS-SV-DC cells after treatment with 5-Aza-CdR. By analyzing the luciferase activity of transfected AQP5 promoter vectors, it became evident that demethylation at the CGs cooperatively functions between these two sites to induce AQP5 expression. Our data, therefore, suggest that treatment of ductal cells with 5-Aza-CdR could result in the expression of the AQP5 gene, thereby leading to increased fluid secretion from ductal cells in SS salivary glands.
Sjö gren's syndrome (SS), one of the most common rheumatic diseases, 1 is characterized by the eventual total replacement of the acinar structure by marked lymphocytic infiltrates in salivary and lacrimal glands. 2 As a general clinical feature, patients with SS suffer from progressive dryness of the mouth and eyes due to insufficient salivary and lacrimal secretions. Other symptoms associated with SS, especially in patients complaining of dry mouth, include diffuse oral burning, dysphagia, dysgeusia, and hoarseness. Thus, for the clinical improvement of patients with SS, development of a novel therapeutic modality to enhance salivary secretion would be inevitable.
Histopathologic features of SS salivary glands include: (a) the eventual total replacement of the acinar structure by marked lymphocytic infiltrate and (b) the occurrence of various changes in the ductal structure within infiltrated areas, such as metaplasia, hyperplasia, thinning of ductal layer, or oncocytic change, and in some cases the formation of epimyoepithelial islands arising from ductal proliferation. 2, 3 Accordingly, surviving and/or proliferating ductal cells in SS salivary glands may be regarded as one of the possible sources for the improvement of salivary secretion.
Aquaporins (AQPs) are specific water channels that allow the rapid transcellular movement of water in response to osmotic/hydrostatic pressure gradients. 4 One of the AQPs, AQP5, cloned from rat submandibular glands, is present in the watertransporting epithelia of the lacrimal gland, trachea, eye, lung, and salivary glands. 5 In human salivary glands, AQP5 has been topographically localized to the apical membranes of acinar cells but not to those of ductal cells. 6 It functions to stimulate the outflow of water into the acinar lumen. In fact, a reduction in salivary gland secretion has been shown in mice harboring the mutant AQP5 channel. 7 Another AQP, AQP3, has been reported to be localized to the basolateral surface of acinar cells, where it allows the inflow of water into those cells. 8 Thus, it is likely that the functional presence of both AQP5 and AQP3 in acinar cells may, at least in part, be responsible for the normal fluid outflow. Based on these findings, it might be feasible to hypothesize that ductal cells could acquire the ability to secrete salivary fluid when they express these AQPs, especially AQP5.
Recent studies have indicated that hypermethylation of CpG islands within the promoter and 5 0 regions of genes is an important epigenetic mechanism for suppressing gene expression. [9] [10] [11] DNA hypermethylation may directly affect the basal transcriptional machinery by altering the DNA secondary structure and inducing chromosome remodeling through the methyl-group binding proteins and histone deacetylase, thereby leading to transcriptional repression. 12 Treatment with a DNA demethylating agent, such as 5-aza-2 0 -deoxycytidine (5-Aza-CdR), reactivates many genes that have been inactivated by hypermethylation. [13] [14] [15] [16] [17] However, although the AQP5 promoter contains three consensus Sp1-binding sites, 18 the relationship between the methylation status of the AQP5 promoter and the gene expression has not yet been examined in human salivary gland cells.
In the present study, we examined the mechanism by which immortalized normal human salivary gland ductal cells, expressing AQP3 but not AQP5, acquire the ability to express AQP5 and secrete fluid in response to 5-Aza-CdR. The results of the present study show a causal relation between hypomethylation of the AQP5 promoter and AQP5 gene expression in ductal cells of the human salivary gland. We also demonstrate that demethylation at CG sites, both in the second consensus Sp1-binding site and outside of the third consensus Sp1-binding site of the AQP5 promoter region, may directly activate the transcription of the AQP5 gene in ductal cells.
Materials and methods

Cells and Media
The characteristics of immortalized normal human salivary gland ductal (NS-SV-DC) and acinar (NS-SV-AC) cell clones have already been described in detail elsewhere. 19, 20 In brief, normal human salivary gland cells obtained from explants of a submandibular gland with no histopathologic disorders were grown in serum-free keratinocyte medium (SFKM) (Gibco BRL, Grand Island, NY, USA). After transfection with SV40 origin-defective mutant DNA, transfected cells were cloned by the limiting dilution method. In this study, we used two of four cell clones having distinct phenotypes: one with a ductal phenotype and one with an acinar phenotype. They were employed in the present study for 150 passages from the beginning of the culture. Even after more than 150 passages, neither anchorage-independent colonies in soft agar nor tumorigenicity in nude mice were detected in either clone, suggesting that no apparent phenotypic changes occurred in these immortalized cell clones. These cell clones were cultured at 371C in SFKM in an incubator with an atmosphere containing 5% CO 2 .
Growth Assay
Cells (1 Â 10 4 /well) were grown in 96-well plates (Falcon, Oxnard, CA, USA) in SFKM in the presence of 5-Aza-CdR at concentrations of 0, 500 nM, 1 mM, and 2 mM. After the appropriate incubation periods, 10 ml of a 5 mg/ml preparation of 3-(4,5-dimethylthizol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was added to each well and incubation was continued for 4 h. The reaction was terminated by the addition of 100 ml of a solution of 0.04 N HCl in isopropanol, and the absorbance was measured with a Titertek spectrophotometer (Flow, Irvine, UK) at 570 nm with a reference wavelength of 630 nm. All assays were run in triplicate.
RNA Isolation, RT-PCR, and Quantitative Real-Time PCR Total cellular RNA was isolated at 0, 48, 72, 96, and 120 h after NS-SV-DC cells were treated with 5-AzaCdR at a concentration of 2 mM using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). As a positive control for AQP5, normal human submandibular gland tissues were used. This submandibular gland was obtained from surgery to treat sialolithiasis. The cDNA was synthesized from 10 mg of total RNA using the Advantage cDNA PCR Kit (Clontech, Palo Alto, CA, USA). The sense and antisense primers for AQP5, AQP3, and glyceraldehyde-3-dehydrogenase (GAPDH), respectively, were as follows: 5 0 -CAAGGCCGTGTTCGCAGAGTTCT-3 35 cycles of PCR were performed (941C for 30 s/681C for 2 min), followed by a final 3-min extension at 721C. For quantitative real-time PCR, equal aliquots (2 ml) of cDNA were amplified according to the manufacturer's TaqMan universal (50 ml) PCR master mix protocol using reverse transcriptase-polymerase chain reaction (RT-PCR) ABI PRISM 7000 (Applied Biosystems Japan Ltd., Tokyo, Japan). A primer set and TaqMan probe used for AQP5 PCR were designed as follows: primers, 5
0 -CTGCGGTGGTCAT GAATCG-3 0 and 5
0 . The data were normalized using RT PCR GAPDH primers (Applied Biosystems).
Western Blot Analysis of AQP5
Crude plasma membranes were prepared from 5-Aza-CdR-treated or untreated NS-SV-DC cells using Mem-PER Eukaryotic Membrane Protein Extraction Reagent Kit (Pierce Biotechnology, Rockford, IL, USA) according to the manufacturer's instructions. Crude membrane extract containing 20 mg of protein was subjected to electrophoresis in 15% SDSpolyacrylamide gel electrophoresis, then transferred to a nitrocellulose membrane. The membranes were blocked with 3% bovine serum albumin and incubated with either a goat anti-human AQP5 antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) or a rabbit anti-human b-actin antibody (Abcam Ltd, Cambridge, UK). After intervening rinses with PBS, the antibody was detected using a chemiluminescence Western Blotting kit (Amersham, Tokyo, Japan) according to the manufacturer's instructions. The specificity of the AQP5 antibody was determined by using a blocking peptide, that is, the AQP5 antibody was mixed with AQP5 blocking peptide (Santa Cruz Biotechnology) at the ratio of 25:1, followed by incubation for 2 h at room temperature. The mixture was then used as a first antibody for the detection of AQP5 protein. In addition, the crossreactivity of the anti-AQP5 antibody with the anti-AQP3 antibody was also examined using blocking peptide for either AQP5 or AQP3 (Santa Cruz Biotechnology) by Western blot analysis.
Net Fluid Secretion Rate Measurement
The net fluid secretion rates in the control NS-SV-DC cells and in the cells treated with either 5-AzaCdR (2 mM) or histone deacetylase inhibitor suberoylanilide hydroxamic acid (SAHA) (500 nM) for 48 h were measured using a modified form of the original method. 21 In brief, NS-SV-DC cells were grown to confluence on six-well Transwell-Col culture chambers (Coster, Cambridge, MA, USA). The apical fluid was replaced by 0.4 ml of hyperosmotic medium (400 mOsm, ie 100 mM sucrose in medium), and the medium from the basolateral chamber was replaced by fresh isosmotic medium (300 mOsm). After 4 h, the liquid on the apical side was collected, its volume measured with a calibrated pipette, and the net fluid secretion rate was determined as described previously. 22 
Localization of AQP5 Protein by Fluorescence Staining and Confocal Laser Microscopy
Cells grown on plain coverglasses were washed with PBS three times, fixed in liquid containing acetone and methanol at the ratio of 6:4 at 41C for 10 min and incubated for 1 h at 371C with goat anti-human AQP5 antibody (Santa Cruz) at a dilution of 100. After three rinses with PBS containing 1% bovine serum albumin, the cells were incubated for 1 h with fluorescence-conjugated donkey anti-goat IgG (1:50 dilution, Rockland, Gilbertsville, PA, USA). Coverglasses were mounted with 80% glycerol in PBS for confocal laser microscopy. Mounted coverglasses were examined with a TSC4D confocal laser microscope (Leica Microsystems AG, Wetzlar, Germany). Cells were optically sectioned in xy and xz planes.
Isolation of Genomic DNA from 5-Aza-CdR-Treated or Untreated NS-SV-DC Cells
The genomic DNA was isolated from NS-SV-DC cells treated with or without 5-Aza-CdR (2 mM) using Promega's Wizard DNA isolation kit (Madison, WI, USA) according to the manufacturer's instructions.
Bisulfite Sequencing
In all, 2 mg of DNA from NS-SV-DC cells treated with or without 5-Aza-CdR was modified by sodium bisulfite as described previously. 23 The modified DNA was amplified with primers (forward primer, 5 0 -GGGAATTTCGGTTTGGGAGA-3 0 ; reverse primer, 5 0 -CCCGTCCGAACCACGTAAC-3 0 ). PCR reactions were performed as follows: 941C for 1 min; 35 cycles of 941C for 30 s and 681C for 2 min; and then 721C for 3 min at the end. The PCR products were gel extracted (Qiagen, Valencia, CA, USA) and ligated into a plasmid vector, pCR2.1-TOPO, by using the TA cloning system (Invitrogen). Plasmid-transformed bacteria TOP10 F' was cultured overnight, after which the plasmid DNA was isolated (Qiagen). Five separate clones from each treated or untreated cell clone were chosen for sequence analysis.
Transient Transfection and Measurement of Relative Luciferase Activity
The human wild-type AQP5 promoter luciferase fusion plasmid, pC3-Luc, was made from a 575-bp genomic fragment of the AQP5 promoter containing the transcriptional start site subcloned into the luciferase reporter vector, pGL3Basic. pC3-Luc contains three Sp1 sites, termed Sp1-1, Sp1-2, and Sp1-3, including 43 CGs upstream from the transcriptional start site. In pC3-Luc, all CGs in the Sp1-1 site (1st CG), Sp1-2 site (23rd and 24th CGs), the 31st CG, and the Sp1-3 site (33rd CG) are methylated. pD3 contains unmethylated CG at the 24th CG and methylated CGs at the 1st, 23rd, 31st, and 33rd CGs. pD5 contains unmethylated CGs at the 24th and 31st CGs and methylated CGs at the 1st, 23rd, and 33rd CGs. pD7 contains unmethylated CG at the 31st CG and methylated CGs at the 1st, 23rd, 24th, and 33rd CGs. NS-SV-DC cells transfected with indicated AQP5-luciferase vectors were harvested for 24 h to analyze the luciferase activity (Lumat LB 9507; PerkinElmer Life Sciences, Berthold Technologies, Bad Wildbad, Germany). The luciferase activity was normalized for the amount of protein in the cell lysate. All luciferase assays were carried out in triplicate.
Results
Effects of 5-Aza-CdR on Cell Growth
The growth kinetics of NS-SV-DC cells treated with various concentrations of 5-Aza-CdR were investigated by MTT assay for up to 7 days. As shown in Figure 1 , no remarkable cytotoxicity was observed when NS-SV-DC cells were treated with 500 nM, 1 mM, or 2 mM of 5-Aza-CdR. Thus, we selected a concentration of 2 mM for the following experiments.
AQP5 Gene Expression in NS-SV-AC and NS-SV-DC Cells
RT-PCR was used to examine AQP5 mRNA expression in immortalized NS-SV-DC and NS-SV-AC cell lines. As shown in Figure 2 , although both normal human salivary gland tissues employed as a positive control and acinar (NS-SV-AC) cells apparently expressed AQP5 mRNA (739 bp); and ductal (NS-SV-DC) cells lacked the expression of AQP5 mRNA. Since expression of AQP3 is important for the acinar cells' fluid-secreting function, 8 we examined the expression of AQP3 mRNA in NS-SV-AC and NS-SV-DC cells. Figure 2 shows that acinar cells as well as ductal cells expressed AQP3 mRNA (372 bp) at a similar expression level. In the above RT-PCR experiments, equal loading of RNA samples was demonstrated by measurement of the housekeeping gene GAPDH.
Induction of AQP5 mRNA and Protein in NS-SV-DC in Response to 5-Aza-CdR
Time course analysis was used to investigate the induction of AQP5 mRNA expression in NS-SV-DC cells by treatment with a demethylating agent, 5-Aza-CdR. After 48 h of 5-Aza-CdR (2 mM) treatment, a significant increase in the AQP5 mRNA Figure 4 , a statistically significant increase in AQP5 mRNA expression was detected after treatment with 5-Aza-CdR: in NS-SV-AC acinar cells, the expression level of AQP5 mRNA was near the 10% of that of normal salivary gland tissues, and with the time of 5-Aza-CdR treatment, NS-SV-DC expressed an amount of AQP5 mRNA almost equal to that in salivary gland tissues. To detect the production of AQP5 protein, crude plasma membranes were subjected to Western blot analysis during preparation. As can be seen in Figure 5 When the AQP5 antibody was used after the mixture with blocking peptide, the band corresponding to AQP5 disappeared, suggesting that this AQP5 antibody was specific to AQP5 protein (data not shown).
Also, the crossreactivity of the anti-AQP5 antibody with the anti-AQP3 antibody was examined by Western blot analysis, but no crossreactivity was recognized (data not shown).
Distribution of AQP5 in 5-Aza-CdR-Treated NS-SV-DC Cells
In an effort to examine the localization of AQP5 in 5-Aza-CdR-treated NS-SV-DC cells, we used confocal laser microscopy. Untreated NS-SV-DC cells showed no AQP5 expression ( Figure 6A, a) . However, when NS-SV-DC cells were treated with 2 mM 5-AzaCdR for 72 h, AQP5 protein was highly expressed (Figure 6A, b) . As shown in Figure 6B , serial optical sections of 0.7 mm thickness were made from the apical surface (i) toward the basal surface (xii). AQP5 expression in these cells was detected at both the apical and lateral sides of the plasma membrane.
Fluid Secretion Rate in 5-Aza-CdR-Treated NS-SV-DC Cells
To determine whether or not the AQP5 expressed in 5-Aza-CdR-treated NS-SV-DC cells affected their water permeability, we measured the transepithelial net fluid secretion rate in NS-SV-DC after treatment with 5-Aza-CdR. The net movement of fluid across NS-SV-DC cells was measured in the presence of a transepithelial (apical4basal) osmotic gradient. After 4-h incubation, the net fluid secretion rate of control NS-SV-DC cells was approximately 3.8 Figure 3 RT-PCR analysis for the expression of AQP5 mRNA in 5-Aza-CdR-treated NS-SV-DC ductal cells. NS-SV-DC cells were treated with 5-Aza-CdR (2 mM) for 48, 72, 96, or 120 h. cDNA was prepared as described in Materials and methods. RT-PCR was performed using sense and antisense primers specific for AQP5 and GAPDH. Consistent expression of AQP5 mRNA (739 bp) was detected for up to 120 h examined. GAPDH mRNA was used as an equal loading of RNA samples. Densitometric analysis (AQP5/GAPDH mRNA ratio) revealed the expression level of AQP5 mRNA in 5-Aza-CdR-treated NS-SV-DC cells relative to that of normal salivary gland.
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K Motegi et al ml/cm 2 per hour. However, in 5-Aza-CdR-treated NS-SV-DC cells the net fluid secretion rate across the treated cells was significantly increased (7.0 ml/cm 2 per hour; Figure 7 ), demonstrating that the expressed AQP5 was functional. To rule out the possibility that the increase in net fluid secretion from 5-Aza-CdR-treated NS-SV-DC ductal cells may be a nonspecific event, we examined the effect of a histone deacetylase inhibitor, SAHA, which is known as an activator of the human p21 gene promoter. 24 SAHA treatment of NS-SV-DC ductal cells had no significant effect on the enhancement of fluid secretion under the same experimental conditions (data not shown).
Hypermethylation of CpG Island of AQP5 Promoter in NS-SV-DC Cells
To identify the methylation pattern within the CpG island of the AQP5 promoter in NS-SV-DC cells after treatment with or without 5-Aza-CdR, PCR products were subcloned into the vector pCR2.1-TOPO, and each of five separate subclones was sequenced. By analyzing the sequence of the human AQP5 promoter, three Sp1-binding sites were identified in this CpG island (Figure 8a ). Figure 8b shows the methylation status for all CGs in the tested CpG island (43 CGs) between À406 to þ 1 positions relative to the transcriptional start site of the AQP5 promoter. In the untreated NS-SV-DC cells, the CGs of Sp1-binding sites and their boundaries are heavily methylated (from the 23rd to 33rd CGs) (Figure 8b ), while the 24th CG in the second Sp1-binding site and the 31st CG around the third Sp1-binding site were unmethylated in the 5-AzaCdR-treated NS-SV-DC cells (Figure 8b) . Therefore, bisulfite sequencing analysis may suggest that demethylation at the 24th and/or 31st CG plays an important role in the induction of AQP5 gene expression. Steady-state levels of AQP5 mRNA measured using quantitative real-time PCR. The primers and probes used for these experiments are found in Materials and methods. Relative quantification of gene expression was performed as described by the manufacturer by using GAPDH mRNA as an internal standard. Induced expression levels of AQP5 mRNA in NS-SV-DC cells were compared with the expression level (100%) in normal salivary gland tissues. Each bar represents at least three separate mRNA isolations performed in duplicate. NS-SV-AC acinar cells expressed a relatively small amount of AQP5 mRNA as compared to normal salivary gland tissues. 5-Aza-CdR-treated NS-SV-DC ductal cells acquired large amounts of AQP5 mRNA at 120 h after treatment. *Statistically significant at Po0.05 (Mann-Whitney U-test).
Aquaporin-5 expression in ductal cells K Motegi et al
Enhanced Transcriptional Activity of AQP5 Gene Promoter with Demethylation at the 24th and 31st CGs
To demonstrate whether or not 5-Aza-CdR induces AQP5 expression through demethylation at the 24th and/or 31st CGs, luciferase vectors, whose methylation status differed between the 24th and 31st CGs, were transiently transfected into NS-SV-DC cells to detect relative luciferase activity. As shown in Figure 9a , NS-SV-DC cells were transfected with a wild-type AQP5 promoter-luciferase fusion plasmid, pC3-Luc (methylated at all CGs including the Figure 6 Localization of AQP5 in NS-SV-DC ductal cells. NS-SV-DC cells, grown on coverglasses, were treated with 5-Aza-CdR (2 mM) for 72 h. The cells were then labeled for AQP5 and examined by confocal laser microscopy as described in Materials and methods. Micrographs of horizontal (xy; A, a and b), and vertical (serial optical sections of 0.7 mm thickness from the apical surface (i) toward the basal surface (xii)) (xz; i-xii) optical images are shown. AQP5 staining at the apical and lateral sides of the plasma membrane can be seen in 5-Aza-CdR-treated NS-SV-DC cells (A, b and B, i-xii). However, no apparent staining for AQP5 was observed in untreated NS-SV-DC cells (A, a).
Aquaporin-5 expression in ductal cells
K Motegi et al 1st, 23rd, 24th, 31st, and 33rd); with pD3-Luc (methylated at the 1st, 23rd, 31st, and 33rd CGs, and unmethylated at the 24th); with pD5-Luc (methylated at the 1st, 23rd, and 33rd CGs, and unmethylated at the 24th and 31st); or with pD7-Luc (methylated at the 1st, 23rd, 24th, and 33rd CGs, and unmethylated at the 31st). The cells were then harvested at 24 h to measure the relative luciferase activity. As shown in Figure 9b , although the relative luciferase activity in wild-type pC3-Luctransfected and empty-vector-transfected NS-SV-DC cells was extremely low, pD3-Luc-transfected and pD7-Luc-transfected cells demonstrated significantly higher luciferase activity. Notably, when the pD5-Luc vector, which contains demethylated CGs at the 24th and 31st positions in the AQP5 promoter, was transfected into NS-SV-DC cells, the relative luciferase activity showed an additive effect of transfection with pD3-Luc or pD7-Luc alone. Accordingly, demethylation by 5-Aza-CdR at the 24th and 31st CGs in the AQP5 promoter may cooperatively function to induce AQP5 gene expression in NS-SV-DC ductal cells.
Discussion
Although the causes of xerostomia observed in patients with SS are unknown, the characteristic features of affected salivary glands in SS include various degrees of acinar destruction and the survival of ductal cells. 2, 25, 26 Thus far, we have shown, using an in vitro system, that the destruction of the acinar structure may be mediated in part by the disruption of the basement membrane's integrity through the increased production of matrix metalloproteinase (MMP)-9 from acinar (NS-SV-AC) cells; this increased production results from the cytokineinduced activation of the transcription factor NFkB. 27 Another study showed that the inhibition of tumor necrosis factor-a (TNF-a)-induced activation of NF-kB in acinar (NS-SV-AC) cells confers those cells with an ability to survive on the type IV collagen substrate. 28 Taken together, these findings may indicate that anticytokine therapy targeted for the inhibition of NF-kB activity would contribute significantly to the interruption of the disease progression. However, one might speculate that this anticytokine therapy does not necessarily increase the fluid secretion from salivary glands, because this therapy only prevents the destruction of the acinar structure. Therefore, the aim of the present study was to investigate the possibility that surviving and/ or proliferating ductal cells in SS salivary glands could acquire a fluid-secreting function by expressing AQP5. We found that the treatment of ductal (NS-SV-DC) cells, which lack AQP5 expression, with the DNA demethylating agent 5-Aza-CdR results in the induction of AQP5 expression, thereby leading to increased fluid secretion.
Recent studies demonstrated that in SS salivary glands reduction in salivary flow is due to functional inhibition of salivary glands rather than to destruction of the glands by T lymphocytes. This is because a poor correlation was found between the degree of glandular destruction and the degree of dysfunction. 29 Indeed, although the loss of acinar structure caused by infiltrated T lymphocytes directly reflects the decrease in salivary flow, it has been reported that cytokines, including TNF-a and interferon-1b, secreted by T lymphocytes inhibit AQP5 expression by activating NF-kB activity in lung epithelial cells. 30 This suggests that cytokines play an essential role in the pathogenesis of Tlymphocyte-infiltrated salivary gland lesions in SS, and that anticytokine therapy is useful for the maintenance of AQP5 expression in SS acinar cells.
The accumulated evidence indicates that the localization of AQP5 is restricted to the apical membrane of acinar cells and to the proximal segment of intercalated duct cells in rat salivary glands. 6, [31] [32] [33] However, in our present study, expression of AQP5 was detected only in acinar (NS-SV-AC) cells and not in ductal (NS-SV-DC) cells, indicating that NS-SV-DC cells originate from striated or excretory ducts. Recently, high-resolution confocal microscopy and quantitative image analysis in human salivary glands have found AQP5 expression in acinar cells only. 34 Thus, subcellular localization of AQP5 may be species-specific. 
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Although a strong correlation between promoter methylation and gene silencing has been extensively demonstrated, [35] [36] [37] the molecular mechanism of this methylation-modulated gene inactivation remains unclear. Among the proposed hypotheses regarding the transcriptional inactivation from promoter methylation, [38] [39] [40] [41] [42] one hypothesis that gene repression is induced by a direct influence of methylation on the binding of transcription factors may be related to the results obtained in our study. Since many mammalian transcription factors have CGrich-binding sites in their DNA recognition elements, methylation occurring at the CG of a specific binding element may sterically interfere with the binding of transcription factors to DNA, thus inhibiting transcription. 36 For instance, an HpaII site (CCGG) is located in an element to which the transcription factor AP-2 binds. Methylation at this 43 This direct effect of methylation on the binding of transcription factors is also observed in other genes, including cyclic AMP (cAMP)/cAMPresponsive element (TGACGTCA) 44 and the retinoblastoma binding factor 1 recognition sequence (AGCTGCCGCGGGCGGAAGT). 45 However, reports regarding the effect of methylation at the Sp1-binding site on Sp1 binding are conflicting. In fact, although several researchers have shown that methylation at Sp1-binding sites has no influence on Sp1 binding or gene expression, 45, 46 others have reported that methylated CpG dinucleotides variably interfere with Sp1 binding. 47, 48 Consistent with the latter finding, our present study demonstrated that methylation at the Sp1-binding site (24th CG) of the AQP5 promoter partially suppressed the transcriptional activity of the AQP5 gene. Thus, which mechanism is predominant in the methylation-induced gene repression may depend on the cell type, transcription factor, or received stimuli. 49 Our study also showed that demethylation at the CG site (31st CG) outside of the third consensus Sp1 element of the AQP5 promoter significantly induced the transcriptional activity of the AQP5 gene. The exact mechanism by which methylation suppresses gene expression at CGs outside of consensus DNAbinding sites is not clear. However, similar results have recently been reported by other investigators, that is, the 5 0 -flanking region of cyclin D1 in rat leukemia cell lines was found to be methylated around two continuous Sp1-binding sites in the cyclin D promoter. Methylation that was not within but adjacent to the two Sp1 sites in this promoter significantly reduced cyclin D expression. 50 That study indirectly showed that, at the CG outside the Sp1 element, methylation might have played a critical role in reducing gene expression. Moreover, EMSA experiments have produced direct evidence that methylation at CGs outside the consensus Sp1 site reduces Sp1 binding and gene expression in the p21
Cip1 gene promoter. 49 Thus, it may be evident that methylation outside of a transcription factor's cognate recognition sequence can affect the transcription factor's DNA-binding activity, and that inhibition of this methylation is correlated with reexpression of the relevant gene.
In conclusion, the results of this study indicate that demethylation by 5-Aza-CdR functions between the two CG sites cooperatively in the AQP5 promoter to induce AQP5 gene expression in human salivary gland ductal cells. Although our results may appear to lack overt exocrine physiological relevance, they do suggest that it is possible for cells with ductal phenotypes to express functional water channels and exhibit considerable water permeability. Thus, 5-Aza-CdR treatment of SS salivary glands should provide an efficient and useful means to impart facilitated water permeability to surviving and/or proliferating ductal cells in SS salivary glands. This possibility seems to be worthy of further investigation. Figure 9 Analysis of relative luciferase activity in NS-SV-DC cells. (a) AQP5-promoter constructs used for the luciferase transfection assay. The human wild-type AQP5 promoter luciferase fusion plasmid, pC3-Luc, contains all methylated CGs, including the 1st, 23rd, 24th, 31st, and 33rd, as well as the transcription start site. pD3-Luc contains an unmethylated CG at the 24th position and methylated CGs at the 1st, 23rd, 31st, and 33rd positions. pD5-Luc contains unmethylated CGs at the 24th and 31st positions and methylated CGs at the 1st, 23rd, and 33rd positions. pD7-Luc contains an unmethylated CG at the 31st position and methylated CGs at the 1st, 23rd, 24th, and 33rd positions. (b) At 24 h after transfection, NS-SV-DC cells were harvested for analysis of luciferase activity. The luciferase activity of each sample was normalized for the amount of protein in the cell lysate. The experiments were carried out at least two times in triplicate. The luciferase activity of NS-SV-DC cells transfected with an empty vector served as a control. A significant increase in the luciferase activity was detected when pD3-Luc or pD7-Luc vector alone was transfected into NS-SV-DC cells. In addition, transfection of pD5-Luc vector showed an additive effect of both pD3-Luc and pD7-Luc on the increase in luciferase activity in NS-SV-DC cells. The results were analyzed using Mann-Whitney U-test. *Po0.05 compared with empty-vector-transfected and pC3-Luc-transfected cells.
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